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GLASSWARE FORMING MOLD AND METHOD OF MANUFACTURE 

The present invention is directed to glassware forming machines, and more 
particularly to a glassware forming mold and method of manufacture in which the microstructure 
of the mold material is tailored to obtain desired heat transfer characteristics. 
Background and Objects of the Invention 

The science of glass container manufacture is currently served by the so-called 
individual section machine. Such machines include a plurality of separate or individual 
manufacturing sections, each of which has a multiplicity of operating mechanisms for converting 
one or more charges or gobs of molten glass into hollow glass containers and transferring the 
containers through successive stations of the machine section. Each machine section typically 
includes one or more blank molds in which a glass gob is initially formed in a blowing or 
pressing operation, one or more invert arms for transferring the blanks to blow molds in which 
the containers are blown to final form, tongs for removing the formed containers onto a 
deadplate, and a sweepout mechanism for transferring molded containers from the deadplate onto 
a machine conveyor. U.S. Patent 4,362,544 includes a background discussion of both blow-and- 
blow and press-and-blow glassware forming processes, and discloses an electropneumatic 
individual section machine adapted for use in either process. In the past, the blank and blow 
molds of a glassware forming machine have generally been cooled by directing air onto or 
through the mold parts. It has been proposed in U.S. Patents 3,887,350 and 4,142,884, for 
example, to direct a liquid, such as water, through passages in the mold parts to improve heat 
extraction. 

Mold material for manufacture of quality glassware must have the following 
characteristics: good wear properties, good thermal cycle resistance to cracking, good mechanical 
properties, good glass release properties, ease of machineability, ease of repair, and economic 
feasability. Ductile iron, which is defined as an iron in which free microstructural graphite is in 
the form of spheres, has been proposed for use as a mold material to manufacture glassware in 
which reduced thermal conductivity (as compared with gray iron for example) is desired. 
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Specific examples of glassware, for which ductile iron is typically employed as the mold 
material, are containers that require only a small amount of heat removal in the mold equipment, 
such as cosmetic and pharmaceutical bottles. However, ductile iron has not been employed in 
manufacture of molds for larger containers, such as beer bottles, because of its reduced heat 
transfer and thermal cycle resistance properties. Ni-Resist ductile iron has been proposed for 
glassware manufacture. The increased nickel content of Ni-Resist ductile iron contributes to 
improved glass release properties. However, standard austenitic Ni-Resist ductile iron does not 
exhibit desired thermal conductivity and resistance to thermal cyclic cracking. 

Copending application Serial No. 09/400,123, filed September 2, 1999 and 
assigned to the assignee hereof, discloses that the mold body or bodies (either blank mold or 
blow mold) for an individual section glassware forming machine may be constructed of austenitic 
Ni-Resist ductile iron. Such ductile iron is preferably a Type D Ni-Resist ductile iron in 
accordance with ASTM-A439-84, but modified to possess increased silicon and molybdenum 
contents. Type D2-C iron is a disclosed example. Silicon content is preferably in excess of 3 .0 
wt %, and most preferably is 4.20 ± 0.20 wt %. Molybdenum content is preferably in excess of 
0.5 wt %, and most preferably 0.70 ± 0.10 wt %. The increased silicon content decreases the 
mermalconductivityofmemoldmaterial.ThemcreasedmolyM^^ 

cyclic resistance to cracking. The increased nickel content characteristic to Ni-Resist materials 
improves glass release properties. The austenitic Ni-Resist ductile iron composition of that 
application also yields desirable wear and other mechanical properties, ease of machineability 
and repair, and desirable economic feasability. Austenitic Ni-Resist material also provides a 
more stable microstructure than gray iron, for example, up to a temperature of 1400 F. 

According to current technology, the blank molds and the blow molds of an 
individual section glassware forming machine are designed entirely separately from each other 
to obtain the most desirable thermal and other properties under the differing conditions in which 
the molds operate. A general object of the present invention is to provide a general material that 
can be used for both the blank molds and the blow molds of an individual section glassware 
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forming machine, with the heat transfer properties of the molds being tailored at the time of 
manufacture by selectively tailoring the metal composition prior to casting the mold bodies. 
Summary of the Invention 

Thermal conductivity of glassware forming blank and blow molds of Ni-Resist 
iron is selectively controlled by formation of compacted graphite in the mold microstructure 
during preparation of the melt and casting of the mold bodies. Specifically, with a Type D5 Ni- 
Resist iron according to ASTM-A439-84, compacted graphite is selectively formed in the cast 
microstructure of the mold body by controlling the magnesium and sulphur concentrations in the 
iron composition to the range of 0.01 to 0.04 wt % magnesium and 0.00 to 0.01 wt % sulphur, 
and adding titanium to the iron composition in the range of 0. 1 0 to 0.25 wt % titanium. Whereas 
formation of compacted graphite in a cast ductile microstructure is normally considered to be 
undesirable for glass container forming molds, it has been found that formation of a small but 
appreciable amount of graphite provides the opportunity selectively to tailor the thermal 
conductivity characteristics of the mold body. 

A mold for a glassware forming machine in accordance with one presently 
preferred embodiment of the invention comprises an austenitic Ni-Resist compacted graphite 
ductile iron having a magnesium content in the range of 0.01 to 0.04 wt %, a sulphur content in 
the amount of 0.00 to 0.01 wt %, and a titanium content in the range of 0.0 1 to 0.25 wt %. In the 
preferred embodiment of the invention, the austenitic (Type D5) Ni-Resist compacted graphite 
iron has an appreciable or measurable amount of compacted graphite of 40 wt% or more, which 
is to say that at least 40% of the graphite is in compacted rather than nodular form. The preferred 
embodiment of the invention consists essentially of carbon in the amount of 1 .50 to 2.40 wt %, 
silicon in the amount of 1.00 to 2.80 wt %, manganese in the amount of 0.50 to 1.00 wt %, 
phosphorus in the amount of 0.00 to 0.80 wt %, nickel in the amount of 34.0 to 36.0 wt %, 
chromium in the amount of 0.00 to 0. 10 wt %, molybdenum in the amount of 0.00 to 0.80 wt %, 
magnesium in the amount of 0.01 to 0.04 wt %, sulphur in the amount of 0.00 to 0.01 wt %, 
titanium in the amount of 0,01 to 0.25 wt %, and balance iron. 



A method of making a mold for a glassware forming machine in accordance with 
a presently preferred embodiment of the invention comprises the steps of casting the mold of an 
austenitic Type D5 Ni-Resist ductile iron according to ASTM-A439-84, while selectively 
controlling thermal conductivity of the mold by selectively controlling magnesium content of the 
mold in the range of 0.01 to 0.04 wt %, sulphur content in the range 0.00 to 0.01 wt % and 
titanium content in the range of 0.01 to 0.25 wt %. Selective tailoring of the heat transfer 
characteristics of the mold material during the mold forming process allows implementation of 
the same basic material for both blank molds and blow molds, while providing opportunity for 
selectively tailoring the heat transfer characteristics of each mold type according to the specific 
requirements during use. 

Detailed Description of Preferred Embodiments 

The disclosure of above-noted U.S. application Serial No. 09/400,123, filed 
September 2, 1999 and assigned to the assignee hereof, is incorporated herein by reference. 

Mold bodies for a glassware forming machine (either blank mold or blow mold 
bodies) are constructed of austenitic Ni-Resist ductile iron in accordance with the presently 
preferred embodiments of the invention. Ni-Resist ductile iron is a ductile iron that has a high 
nickel content. Type D5 Ni-Resist cast ductile iron according to ASTM-A439-84 has the 
following composition: 1 .50 to 2.40 wt % carbon, 1 .00 to 2.80 wt % silicon, 0.05 to 1 .00 wt % 
manganese, 0.00 to 0.80 wt % phosphorus, 34.0 to 36.0 wt % nickel, 0.00 to 0.10 wt % 
chromium, 0.00 to 0.80 wt % molybdenum, about 0.03 to 0.06 wt % manganese, about 0.0 1 wt 
% sulphur, and balance iron. In accordance with the present invention, the magnesium and 
sulphur concentrations in the melt or "heat" prior to casting are reduced to the range of 0.01 to 
0.04 wt % magnesium and 0.00 to 0.0 1 wt % sulphur, and titanium is added to the melt or "heat- 
in an amount to yield a titanium concentration in the range of 0.10 to 0.25 wt % titanium. 
Reduction in the magnesium concentration increases the tendency of the graphite structure to be 
compacted rather than nodular. Likewise, reduction in sulfur enhances the formation of 
compacted graphite. Addition of titanium increases the tendency of the graphite to assume 




10 



15 



20 



compacted rather than nodular form and aids in the fnrmof * 

mtlS m ^ f °™ation of compacted graphite. All three 
elements must be controlled to ensure repeatability of the microstore. 

Tnu^thecompositiono^^ 

is: 1 .50 to 2.40 wt % carbon, 1 .00 to 2.80 wt % silicon 0 05 to 1 nn * „ 

mcon ' U U5 to 1 00 wt % manganese, 0.00 to 

■ o.o 8 wt /0 phosphonJS , 34 . 0 to 36 0 „ % ^ o ofl to o ifl ^ % o qo „, 080 „ 

/. molybdenum, 0.0. to 0.04 wt % magnesium, 0 . 00 „ „„, w % ^ ^ ^ ^ ^ % 
tt-ta, and balance iron. Reduction of me rf ^ ^ ^ 

add-on of titanic, produce compacted graphite in ft. microstore of ft. mo ,d bodies The 
concentration of compact*, graphite in ft. moId „ 

controlling ft. magnesium, suiphur and titanium concontranons in fte me,, or "he*" prior ,„ 
-** Thus, fte same basic me,, can be used for producing either blank or bIo „ molds, wift 
me hea, Wer characteristics being taiiored for eifter Hank or blow mold indentation by 
se,ective,y controlling fte concentrations of magnesium, srjphur and titarnum. 

Therehaveftusbeendisctesedamo.dandmeftodofmoldmanufactoreftatfu.lv 
sattsfy a,, of fte objects a., aims previous,, set forft. !n partictuar, sim„,taneous se.ecnve 
reducuon of magnesium and stupnur concentrations, and addition of titanium, in an austenitic 
N,Res.st ducuie iron provides for se,ective contro, of hea, transfer characterise of fte mo,d 

body by selective formation of compacted granhite in th, MC * • _ 

pociea grapnite in the cast microstructure of the mold Thus 

•ne -e basic M-Restst cast ductile iron composition can be used for eifter Man* o, b,ow 
■no,*, wrft fte hea, transfer chafes being tailored by selecuve control of ftese minor 
consents. ModMcations and variations to fte m„, d and meftod of manure wi„ readily 
suggest themseives to persons of ordinary ski „ ta ft e ^ ^ ^ fa ^ ^ ^ 

-* modifications and variations as 61, wiftin fte spirit and broad scope of fte appended 



5 



